Abstract: A simple, rapid, sensitive, and low-cost spectrofluorometric method was developed for the determination 
Introduction
Gold is one of the most interesting noble metals due to its important role in the fields of biology, environment, and industry, although it has low abundance in natural samples. For chemistry, gold has many applications in catalysis, sensing, nanoelectronics, and surface and synthetic chemistry.
1−3 The content of gold is about 4 ng g −1 in basic rocks, 1 ng g −1 in solids, 0.2 ng mL −1 in river water, and 0.05 ng mL −1 in sea water. 4−6 Due to the antiinflammatory properties of gold ions, they are often used as drugs in the treatment of diseases such as rheumatoid arthritis, 7 asthma, 8 tuberculosis, 8 malaria, 8 and cancer.
8
Despite their interesting medicinal properties, gold ions such as gold chloride are highly reactive and potentially toxic to the human body as they cause important damage to the liver, kidneys, and peripheral nervous system. 9, 10 Since gold ions are particularly known to strongly bind DNA/enzymes, they cause DNA cleavage and disruption of the nervous system. * Correspondence: abasoglu@gumushane.edu.tr
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Due to the low concentration of gold ions in environmental samples and their great importance, many reports exist on the analysis of trace amounts of gold ions in water and several matrixes. Therefore, various analytical techniques such as spectrophotometry, 11 atomic absorption spectrometry (AAS), 12 thermospray flame furnace atomic absorption spectrometry (TS-FF-AAS), 13 carbon slurry sampling graphite furnace atomic absorption spectrometry (GFAAS), 14 inductively coupled plasma atomic emission spectrometry (ICP-AES), 15 inductively coupled plasma mass spectrometry (ICP-MS), 16 and electrochemistry 17 have been reported for detecting the amount of gold ions. However, these methods are time-consuming, have interference problems, and require complicated and expensive instruments. The significance of analyses of trace amounts of metal ions by fluorescence spectroscopy has been increasing thanks to its intrinsic sensitivity, selectivity, and the ability for quick real-time scanning. 25 and pretreatment before analysis.
26
Pyrazolines are known to have high fluorescence quantum yields as nitrogen-containing five-membered heterocyclic fluorescent compounds. Beside having hole-transfer performance, 27 triphenyl pyrazoline derivatives have been approved as blue emitters. 28 Owing to their exciting moiety, pyrazoline derivatives possess a wide spectrum of biological activities such as antimicrobial, antinociceptive, antiamoebic, anticancer, antidepressant, antiinflammatory, antibacterial, and antitumor, as well as roles in analytical applications and dye and extraction metallurgy. 29−33 In addition, they are important due to their wide applications for the optical brightening of textile fibers, plastics, and paper. 34 Due to their wide range of uses, many studies on the synthesis of derivatives of such compounds and the examination of their absorbance and emission behaviors have been introduced in the literature. Among the other derivatives of pyrazoline, the most studied pyrazoline-type compounds are 1,3,5-triaryl-2-pyrazolines. A few studies of the effect of metal ions on the absorption and fluorescence properties of pyridylpyrazole derivatives have been reported. 35−37 According to our investigation, in the literature there are just a few reports of pyrazoline-based chemosensors utilized for determination of some ions (Zn(II), Al(III), Cu(II), Ni(II)), 38−45 except Au(III) ions. Pyrazoline derivatives utilized for ion-sensing applications as chemosensors have been far less studied compared to other applications.
In this report,
1,3,5-triphenyl-2-pyrazoline compound) was used as a fluorescence chemosensor for the detection of Au(III) by performing a spectrofluorometric method. This proposed method can be accomplished simply and quickly at a reasonable cost when checked against many methods in the literature. According to the investigations of references, this ligand has not been used for any analytical applications. In addition, a pyrazoline derivative compound was used for the first time in the determination of gold by a spectrofluorometric method in this study. The aim of this work is to suggest an alternative simple method for gold determination by investigating the reaction between L and Au(III). 
pH effect
The study of the effect of pH on the fluorescence spectra of the free ligand and ligand-Au(III) solutions was conducted under different pH conditions (Supplementary Information, Figure S1 ). Ligand (1 × 10
and ligand-Au(III) (equal concentration, 1 × 10 −7 M) systems show similar behaviors with pH changes. As can be seen from Figure S1 , fluorescence intensity is low below pH 4, whereas the fluorescence intensity is higher and nearly constant between pH 4 and 8. The increase in fluorescence continues until pH 11 with slight fluctuations. The proposed method is based on the quenching of the ligand in the presence of Au(III) ions, so gold determination has been carried out in acidic media because of the high solubility of Au(III). pH 4.0 was selected as the optimum pH for further experiments.
Optimization of reagent concentration
The effect of ligand concentration on the determination of Au(III) was investigated in range of 1 × 10 −6 to 1 × 
Selection of solvent for reagent
The use of ethanol, methanol, acetone, acetonitrile, dioxane, THF, DMSO, or DMF as a solvent did not affect the limit of detection of Au(III) as determined by spectrofluorometric titrations. Ethanol was selected as a solvent for the ligand and also provided high fluorescence intensity. It was more environmentally friendly and cheaper than the others, but the ligand was only partially soluble in ethanol at room temperature. Therefore, an appropriate amount of ligand was dissolved in 0.5 mL of DMSO and then ethanol was added to the ligand solution until a total volume of 25 mL.
Response time
To and it was suffice to wait 1 min before the measurement.
The complex composition and its stability
The addition of Au(III) caused a quenching in the absorption spectra of the ligand (1 × 10 The conditional formation constants (log K ± standard deviation) of the ligand were calculated 46 to be 3.08 ± 0.02 and 3.10 ± 0.03 by using absorption and fluorescence measurements, respectively.
Interference effects
The effects of interfering metal ions on the determination of Au(III) ions were investigated at optimum detection conditions to evaluate the Au(III) ion selectivity of the ligand. In this investigation, the fluorescence intensities of the ligand solutions (0.1 µ M) containing Au(III) ions (0.1 µ M) and each of the interfering metal ions at different concentrations were measured and then checked with those of solutions of equivalent ligand and Au(III).
Tolerable concentration ratios for foreign ions at relative error of <5% of analytical signals are given in Table   S1 (Supplementary Information). This result suggests that the ligand could selectively bind the Au(III) ions in a real sample containing common coexisting ions.
Analytical performance
The determination of Au(III) in natural samples cannot be performed using external calibration due to the low accuracy. A modified standard addition method based on fluorescence quenching of the ligand by the effect of Au(III) ions was used under the optimized conditions ( 
Analytical application to real samples
To evaluate the practical application of the proposed method, the analysis of Au(III) recovery from water samples was performed. Since water samples did not contain gold residues, the recovery study of spiked samples was carried out. At three different concentrations, Au(III) stock solution was spiked in stream water, tap water, and sea water samples. Under the optimized conditions, the samples were analyzed to detect Au(III) ions in three replicates. The obtained results are showed in Table 2 for water samples. It was observed that Au(III) added to samples was accurately found with satisfactory recoveries. It was proved by the t-test that there were statistically no significant differences between the added and found values. Thus, the proposed method can be practically applied for Au(III) detection in real samples. The accuracy of the proposed method was determined by analyzing standard reference material (CRM-SA-C Sandy Soil C) containing different concentrations of Au(III). Three replicates were carried out at each concentration (n = 3). The relative standard deviations were 3.2%, 3.8%, and 2.5% (n = 3) for the determination of 19.8, 39.5, and 58.9 µ g L −1 Au(III), respectively. These results for CRM-SA-C Sandy Soil C were satisfactory.
In addition, the statistical analysis of these obtained results for intraday and interday accuracy was carried out using the Student t-test, which showed that there was no significant difference between found and certified values. The accuracy was also determined by analyzing spiked water samples (n = 3) on the same day (for intraday accuracy) and also on three consecutive days (for interday accuracy) at different concentrations of Au(III). Recovery results were calculated as recovery percentage for stream water, tap water, and sea water samples with RSD less than 5%. were calculated by some atomic methods or extraction methods. 14, 26, 30 However, in these methods, gold ions are extracted and coprecipitated because of their separation and preconcentration before the measurement. The pretreatments take a lot of time. Our method does not take much time in practice because it can be implemented. The used fluorescent sensor is a pyrazoline derivative compound. Pyrazolines are good compounds for the human body because of their biological activities. Therefore, it can be said that the reagent and also the solvent (ethanol) are environmentally friendly. Consequently, the proposed method is more advantageous than many others in the literature, because it is a simple, economical, rapid, and ecofriendly method.
Comparison with other methods
It is of great importance to improve gold ion sensors to detect the amount of gold ions in real samples by spectrofluorometric methods. However, a few fluorescence chemosensors for gold have been reported. For ) in aqueous acetonitrile. 55 The signaling was performed using a thiocumarin derivative in the presence of chelator N,N,N ′ ,N ′ -tetrakis-(2-pyridylmethyl) ethylenediamine (TPEN) as a masking agent. In this proposed method, the detection limit was 5.2 µ g L −1 for Au(III). The LOD was lower than those of the above reported studies. No masking agent or organic solvent was necessary in this study, but they were used in others. 
Samples
The stream water, tap water, and sea water samples were collected from Harşit River in Gümüşhane, the water supply of Gümüşhane, and the Black Sea at Trabzon, respectively. Real water samples were filtered through a 0.45-mm cellulose nitrate membrane. The digestion of the sandy soil standard (0.5 g) was performed using 1.5 mL of nitric acid, 4.5 mL of hydrochloric acid, 1.0 mL of hydrofluoric acid, and 2.0 mL of hydrogen peroxide in a closed microwave digestion system. One can see the used digestion program in Table S2 . After the microwave digestion process, the solution was filtered with a 0.45-mm cellulose nitrate membrane and evaporated. The final volume of sandy soil standard solution was adjust to 25 mL with deionized water.
Optimum conditions
Performance criteria such as solvent, concentration of ligand, effect of pH, and complexation time were optimized in the proposed method. Ethanol was determined as the solvent of the ligand. The pH of the solution changed the fluorescence intensities of the ligand. A series of experiments were applied by using a solution of ligand in aqueous buffers at various pH levels (using glycine buffer for pH 1.0; citrate buffer for pH 2.0, 3.0, 5.0, 6.0, 7.0; phthalate buffer for pH 4.0; borate buffer for pH 8.0). Investigations of the detection capacity of the sensor under different pH conditions were performed and then the optimal solution pH was determined. In the study, pH 4.0 was appropriate for detection of Au(III) with the ligand. The complexion reached maximum stability in 1 min.
Analytical method
The proposed method was carried out by using a modified standard addition method. 
where C x is the gold concentration of the sample, F 0 is the fluorescence intensities of the first tube, F 1 is the fluorescence intensities of second tube, and m is the slope of the standard addition graph. Figure S2 
